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in vitro. [1] [2] [3] Recently, we found that HSS suppressed the growth of leukemia K562 cell by inhibiting the G0/G1 and S phases of the cell cycle. 4 HSS also induced apoptosis in these leukemia cells by reducing the expression of apoptosis suppressor bcl-2, and increasing the expression of apoptosis promoting bax. 4 The in vivo anticancer effects of HSS have been investigated in two small clinical trials. 5, 6 Daily intravenous administration of HSS for 4 weeks resulted in remission of non-small-cell lung cancer or renal cancer in approximately half of the patients. 5 HSS was also found to enhance the efficacy of conventional chemotherapeutic regimens for non-small-cell lung cancer. 6 K562 cell line is a blast crisis cell line of chronic myeloid leukemia. 7 K562/ADM cells are drug resistant strains of K562 cells induced by adriamycin. The primary purpose of the present study was to investigate whether HSS could inhibit the growth of transplanted K562 and K562/ADM tumors in mice.
Materials and Methods
The study was approved by the institution review board of Liaocheng People's Hospital.
Sources of drugs, reagents and cells
HSS was purchased from Qingdao Haisheng Oncology Hospital (Shandong, China, batch number 990211); Adriamycin was from Pharmacia Cor. (New Jersey, USA). K562 and K562/ADM cell lines were provided by the Institute of Hematology, Chinese Academy of Medical Sciences (Tianjin, China). Nude mice (female, 15-18g) were obtained from Beijing Vital River Laboratory Animal Co., Ltd (Beijing, China).
Cell culture
The drug-resistant leukemia cell line K562/ADM was derived from the parental K562 cells by continuous exposure to increasing concentrations of adriamycin (up to 20 μg/ml). K562 and K562/ADM cells were cultured in RPMI1640 culture medium containing 10% fetal calf serum (Gibco BRL, Gaithersburg, USA) at 37°C in an incubator (SANYO, Tokyo, Japan) of saturated humidity.
Establishment of mice model and drug administration
Twenty-four hours after receiving radiation treatment (4Gy), the nude mice were inoculated subcutaneously with 1 10 7 K562 (n=18) or 1 10 7 K562/ADM cells (n=18) in the buttocks. Five days after inoculation, the K562-or K562/ADM tumour-bearing mice were randomly divided into placebo, HSS, adriamycin and combination therapy (adriamycin + HSS) groups. Each group comprised 3 animals. HSS, adriamycin and placebo was intravenously administered via the tail vein of the K562 tumour-or K562/ADM tumour-bearing mice. The dosing regimens are listed in Table 1 .
The antitumour effect of HSS was assessed by measuring the size of the tumour with a vernier caliper every three days. A tumour growth curve was drawn. Relative tumour volume (RTV) was calculated: tumour volume V(mm 3 longer track, b for the short track); RTV = Vt/V0 (V0 was the tumour size measured for the first time, Vt was the tumour size at the end of therapy). The inhibitory rate (IR) was calculated as following: IR = (1 TRTV/CRTV) 100% ( TRTV: RTV of the treatment group, CRTV: RTV of the control group).
Pathological examination of the tumour
On the 21st day of treatment, the mice were euthanized and the tumour tissues were dissected and fixed with 10% neutral formalin for pathological examination with light microscope.
Statistical analysis
Data are expressed as means ± SD. SAS8.2 software was used for data analysis. Numerical data were analyzed with one-way ANOVA. The tumour inhibitory rate between two groups (e.g. between adriamycin and medium or high dose HSS groups, or between low and medium or high dose HSS groups) was analysed with Chi-square test. Three group comparisons were performed with Tukey-Kramer multiple comparison tests. P<0.05 was considered statistically significant.
Results

Effect of HSS on K562 tumors
All animals were alive at the end of the study. The inhibitory rate of medium and high dose HSS group was 96.4% and 100%, respectively ( Table 2 ). The inhibitory rates in the adriamycin and the combination therapy groups were similar (88.9% vs 85.8%, P >0.05): both were lower than in the medium and high dose HSS groups (P < 0.05). The inhibitory rate of low dose HSS group (53.4%) was lower than all other treatment groups (P < 0.01).
Tumour growth curves of the K562 tumor-bearing mice are shown in Fig 1. Medium and high HSS groups had the lowest growth curve. The curve of the low HSS group was below the placebo group but above all other treatment groups.
Effect of HSS on K562/ADM tumors
The inhibitory rates of the three HSS group (95.9% and 100% in medium and high HSS group) were higher than in the adriamycin group (23.1%, P < 0.01). The inhibitory rate in the low HSS group (44.1%) was also higher than in the adriamycin group (P < 0.05), but was less than in the other HSS groups (P < 0.01).
The growth curves of these groups are shown in Fig 2. The curves from the three HSS groups and the combination group were below the placebo or adriamycin group.
Pathological examination of tumours
Examination of tumour tissue from the placebo group revealed a large number of tumour cells, with regular cell arrays but no bleeding or necrosis or inflammation (Fig 3) . These tumour cells also had a larger proportion of nuclear/plasma ratio than the cells in the HSS group. In the tumour tissues from the K562-HSS group, there was extensive necrosis and bleeding. Inflammatory cells were readily seen (Fig 3) . The appearances of the tumour tissues from the K562/ADM-HSS groups were similar to those in the K562-HSS group, showing a large number of necrotic tumour cells (Fig 4) .
Discussion
The major findings of this study are: 1) HSS suppressed the growth of transplanted leukemia cell K562 in mice dose-dependently. At 900 and 1400mg/kg, HSS exerted an inhibitory rate that was greater than adriamycin; 2) At a dose between 450 to 1400mg/kg, HSS suppressed the growth of adriamycin-resistant K562/ADM tumour; 3) The anti-tumour effects of HSS were associated with necrosis in the transplanted tumour tissues. This is the first study to demonstrate the effectiveness of the seashell protein HSS in treating transplanted tumour in vivo. It is worth noting that the doses of HSS used in the present study were much higher than those used in the previous clinical trials on non-small cell lung cancer, or renal cancer, in which the doses were in the order of 2.4mg per day. 5, 6 At this relatively low dose, HSS did not cause any clinically significant adverse effects in patients. 5, 6 Although the high doses of HSS used in the mice were not associated with identifiable adverse effects, the safety profile and the effectiveness of these high doses HSS in treating human leukemia or solid tumors remain to be seen.
Resistance to chemotherapy is one of the major obstacles to the effective treatment of chronic myeloid leukemia. Patients with advanced myeloid leukemia have been less sensitive to therapy, and responses have been short lived. 8 K562/ADM cells are drug reLiu et al. Haishengsu for K562 tumor sistant strains of K562 cells induced by adriamycin. 9 In the present study, at the three doses tested, HSS was able to inhibit the growth of transplanted K562/ ADM tumours in all animals. In contrast to adriamycin or placebo, HSS treatment was associated with extensive necrosis and cell damage in the tumour tissues. These results suggest that HSS is effective in treating drug resistant leukemia in vivo.
The therapeutic doses of intravenous adrimycin for tumour treatment in rats have been reported as being 1-6 mg/kg. 10, 11 In our study, we used a moderate dose of 2 mg/kg for the treatment of the transplanted tumour. At this dose, there was suppression of adriamycin-sensitive K562 tumour, resulting in an inhibition rate of 88.9%. However, the therapeutic effects of the medium or high dose HSS appear to be superior to that of adriamycin, because with both adriamycin sensitive and resistant tumours, the inhibition rates in the two HSS groups were above 96.0% (Table 2 ). In the combination therapy (medium dose HSS and Adriamycin) group, the inhibition rate in the adriamcin resistant group (52.9%) was lower than in the medium dose HSS group (95.9%). The reason for the reduced therapeutic effect in the combined regimen is not clear. Whether it is due to the adverse drug interaction between adriamycin and HSS requires further investigation.
The cellular or molecular mechanisms of HSS's anti-tumour actions observed in this study remain unclear. In vitro studies found that HSS causes apoptosis and suppress cell growth at the G0/G1 and S phases of the K562 cell cycle. 4 Our recent study also demonstrated that with adriamycin-resistant K562/ADM cells, HSS also increased the rate of apoptosis. 12 In addition, HSS reduced the expressions of pglycoprotein, a drug-resistance inducing protein in leukemia and other cells. 12 These actions may have contributed the anti-tumor effects as observed in the present study.
In conclusion, HSS exerts an anti-tumour effect on transplanted K562 tumours in mice. It is also effective in inhibiting the growth of adriamycin-resistant K562/ ADM cancer in this animal model. These anti-tumour effects are accompanied by extensive tissue necrosis and bleeding in the tumour tissues. Clinical trials are required to ascertain whether high doses of HSS can be used safely and effectively to treat human cancer.
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